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minimize $C_{i}x\simeq$ , $i=1,$ $.$ .. , $k$
subject to
$x\in X=\triangle\{x\in R^{n}|Ax\leq b, x\geq 0\}\}$ (1)
, $x$ $n$ , $A$ $m\cross n$ , $b$ $m$ . ,















, $L(t)=\mathrm{m}\triangle$ax{0, $l($ t)} , $[0, \infty)arrow[0\grave{.}1]$ ( , $l$ ( t) $l(0)=1$
. $R$ $R(t)=\triangle \mathrm{m}$ax{0, $r($ t)} , .
$\overline{d}_{i},$
$\alpha$-i, $\overline{\beta}_{i},$ $i$ =1, . . . $k$ , $m_{i}$ $\overline{t}_{i}$ , $\overline{d}_{i}=d_{i}^{1}+\overline{t}_{i}d$?, $\overline{\alpha}_{i}=\alpha_{i}^{1}+\overline{t}_{i}\alpha_{i}^{2}$ ,
$\overline{\beta}_{i}=\beta_{f}!+\overline{t}_{i}\beta$/ $n$ .
















































$\Pi_{Y;}\simeq(\overline{G}_{i})$ , $i=1,$ $\ldots,$
$k\}$ (6)
subject to $x\in X$
(6) ,
$\mu_{\overline{\overline{Y}}}:$ (y) , $x$ ,
$\Pi_{\overline{\overline{Y}}_{i}}(\tilde{G}$ . ,
. , , ,
, , ,
.
maximize $Pr[\Pi_{\overline{\overline{Y}}}.(\tilde{G}_{i})\geq h_{i}]$ , $i=1,$ $\ldots,$
$k\}$ (7)
subject to $x\in X$
, , $\Pi_{\overline{\overline{Y}}}.(\tilde{G}_{i})\geq f\iota_{i}i$ =l, . . . , $k$ , .
$\sup_{y}\min\{\mu_{\overline{\overline{Y}}_{i}}(y),$ $\mu_{\overline{G}_{i}}(y)\}\geq h_{i}$
$\}$
$\exists$y: $\mu$t$\iota(y)\geq h_{i}$ , $\mu_{\overline{G}}$ , $(y)\geq h_{i}$
$\}$
$\exists$y: $L( \frac{\overline{d}_{i}x-\prime y}{\overline{\alpha}_{\mathrm{i}}x})\geq h_{i},$ $R( \frac{y-\overline{d}_{i}x}{\overline{\beta}_{i}x})\leq h_{i},$ $\mu_{\overline{G}}$ . $(y)\geq f\iota_{i}$
$\}$ $\exists$y: $\{\overline{d}_{i}-L^{*}(h_{i})\overline{\alpha}_{i}\}x\leq y\leq\{\overline{d}_{i}+R^{*}(h_{i})\overline{\beta}_{i}\}x,$ $y\leq\mu_{\overline{G}_{i}}^{*}(h_{i})$
$\Leftrightarrow$ $\{\overline{d}_{i}-L^{*}(h_{i})\overline{\alpha}_{i}\}x\leq\mu_{\overline{G}}^{*}(h_{i})$
:
$L$‘ (hi) $\mu_{\overline{G}_{i}}^{*}$ (hi) , .
$L^{*}(h_{i})$ $=$ $\sup\{r|L(r)>h_{i}, r\geq 0\}$
$\mu_{\overline{G}_{\mathrm{i}}}^{*}(h_{i})$ $=$ $\sup\{r|\mu_{\overline{G}_{i}}(r)\geq h_{i}\}$
, $x\in X$ , $\{d^{\frac{9}{i}}-L^{*}(0)\alpha_{\dot{i}}^{9}\}x>0,$ $i$ =1, . . . , $k$ , $\overline{t}_{i}$
$2_{i}^{\urcorner}($ . $)$ ,
$Pr[\Pi_{\overline{\overline{Y}}_{2}}(\tilde{G}_{i})\geq h_{i}]$ $=$ $Pr[\{\overline{d}_{\mathrm{i}}-L^{*}(h_{i})\overline{\alpha}_{i}\}x\leq\mu_{\overline{\mathrm{G}^{\gamma}}}^{*}.(h_{i})]$













(8) (x) , (x)
, (8)
.
$\max$ ( $\mu_{1}(p_{1}(x)),$ $\ldots$ , $\mu$k $(p_{k}(x))$ ) (9)
$x\in x$
, (9) ,
$\overline{\mu}_{i}$ , $i=1,$ $\ldots$ , $k$ ,
$i=$ 1...., $k$
minimize , $\max$ { $\overline{\mu}_{\mathrm{i}}-\mu$ i $(p_{i}(x))$ }
$\}$ (10)




subject to $\overline{\mu}i-\mu$ i $(p_{i}(x))\leq v$ , $\prime i=1,$ $\ldots$ ,
minimize




$pi(X)\geq x\in X\mu$7 $(\overline{\mu}_{i}-v)$ , $i=1,$ $\ldots,$ $k\}$ (12)
. $\mu_{i}^{*}(s)$ , .
$\mu$7 $(s)= \inf\{r|\mu_{i}(r)>s\}$ , $i=1,$ $\ldots$ , $k$
, $T_{i}($ . $)$ , (12)
minimize $v$
subject to $. \frac{\{L^{*}(h_{i})\alpha_{i}^{1}-d_{i}^{1}\}x+\mu_{\overline{G}_{\mathrm{i}}}^{*}(h_{i})}{\{d^{\frac{>}{i}}-L^{*}(h_{i})\alpha_{\dot{\alpha}}^{2}\}x}\geq T_{i}^{*}(\mu_{i}^{*}(\overline{\mu}_{\mathrm{i}}-v)),$ $i=1,$ . . . , $k$
$x\in X$
(13)
. , $T^{*}(s)$ , .
$T^{*}(s)= \inf\{r|T_{i}(r)>s\}$ , $i=1,$ . . . , $k$
, (13) $v$ , $v$ .
, $\overline{\mu}_{i}i$ =1, . . . , $k$ $\overline{\mu}_{\max}$ , $\mu_{i}$ $($ . $)$ $\mu_{i,\max},$ $\mu$i,min ,
$\overline{\mu}_{\max}-.\max_{=i1,\ldots,k}\mu$ i,m $\mathrm{a}\mathrm{x}\leq v\leq\overline{\mu}$.$\mathrm{n}\mathrm{a}\mathrm{x}-\max_{=i1,\ldots,k}\mu$i, $\min$
. , $v$ 2 , (13)
$v$ . $v$ ,
, . , 2 2 1
.
155
(13) $v$ $v^{*}$ , (13) $v^{\mathrm{r}}$
, ( $i=1$ ) , $v^{*}$ $x^{*}$
, .
$\mathrm{m}$
. .m.ze $. \frac{-\{L^{*}(h_{1})\alpha_{1}^{1}-d_{1}^{1}\}x-\mu_{\overline{G}_{1}}^{*}(h_{1})}{\{d_{1}^{2}-L^{*}(h_{1})\alpha_{1}^{2}\}x}$
subject to
$\frac{\{L^{*}(h_{i})\alpha_{i}^{1}-d_{i}^{1}\}x+\mu_{\overline{G}}^{*}.(h_{i})}{x\in X\{d_{\mathrm{i}}^{2}-L^{*}(h_{i})\alpha_{i}^{2}\}x}.\geq T_{i}^{*}(\mu_{i}^{*}(\overline{\mu}_{i}-v^{*})),$
$i=2,$ . . . ,
$k\}$ (14)
(14) , Charnes Cooper [19]
$t=1/(\{d_{1}^{9}\sim-L^{*}(h_{1})\alpha^{\frac{9}{1}}\}x)$ , $y=t\cdot x$ , $t>0$
, $\tau_{i}=T_{i}^{*}(\mu_{i}^{*}(\overline{\mu}_{i}-v^{*}))$ , (14) .
subject to $[\tau_{i}\{d_{i}^{2}-L^{*}(h_{i})\alpha_{i}^{2}\}+\{d)-L*(hi)\alpha_{i}^{1}\}]y-\mu_{\overline{G}_{i}}^{*}(h_{i}.)\cdot t\leq 0,$ $i=9$
minimize -{L’(h $1$ ) $\alpha$ {-d}}y $-\mu_{\overline{G}_{1}}^{*}(h_{1})\cdot t$
$\sim,$ $\ldots,$ $k\}$ (15)
$\{d_{1}^{2}-L^{*}(h_{1})\alpha_{1}^{2}\}y=1,$ $Ay-t\cdot b\leq 0,$ $-t$ $\leq-\delta$, $y\geq 0,$ $t\geq 0$
, $\delta$ .
(15) , . ,
.
1: $\min_{X\in X}E[\overline{d}_{i}]x$ $\max_{X\mathrm{B}X}E[\overline{d}_{i}]x$ , $i=1,$ $\ldots,$ $k$ .
2: 1 ,
$\mu_{\overline{G}_{i}}$
$($ . $)$ , $i=1,$ $\ldots,$ $k$ .
3: $h_{i},$ $i=1,$ $\ldots,$ $k$ , Inaxx6 (x) $\mathrm{n}_{X\in}$ $p_{j}(x),$ $i=1,$ $\ldots$ , $k$
.
4: 3 , $p_{i}$ (x), $i=1,$ $\ldots$ , $k$
$\mu_{i}$
$($ . $)$ , $i=1,$ $\ldots,$ $k$ .
5: $\overline{\mu}_{i},$ $i$ =1, . . . , $k$ .
6: , (13) $v$ 2
2 1 .
7: 6 $v$ $v^{*}$ (15) , (14) $x^{c}$
$\mu_{i}(p_{i}(x^{c})),$ $i$ =1, . . . , $k$ .


















maxi ze $N_{\overline{\overline{Y}}_{i}}$ $(\overline{G}_{i})$ , $i=1,$ $\ldots$ ,
$k\}$ (17)




. , , ,
$N_{\overline{\overline{Y}}}$ ( $\overline{G}$ $h_{i}$ .
maximize $Pr[N_{\overline{\overline{Y}}_{\mathrm{i}}}(\overline{G}_{i})\geq h_{j}.],\dot{7,}=1,$ $\ldots,$
$k\}$ (18)
subject to $x\in X$
, , $N_{Y_{\mathrm{i}}}-(\overline{G}_{i})\geq h_{i}i$ =1, . . . , $k$ , .
$\inf_{y}.$ max $\{1-\mu_{\overline{\overline{Y}}_{\mathrm{i}}}(y),$ $\mu(\overline{G}_{j}(y)\}\geq h_{i}$
$\}$ $\forall$y: $1-\mu_{\overline{\overline{Y}}_{*}}(y)<h_{i}\Rightarrow\mu_{\overline{G}_{i}}(y)\geq h_{i}$
$\}$ $\forall$y: $\{\overline{d}_{i}-L^{*}(1-h_{i})\alpha_{i}\}x<y<\{\overline{d}_{i}+R^{*}(1-h_{\mathrm{i}})\beta_{i}\}x\Rightarrow y\leq\mu$ 5: $(h_{i})$
$\Leftrightarrow$ $\{\overline{d}_{i}+R^{*}(1-h_{i})\beta_{i}\}x\leq\mu_{\overline{G}_{i}^{\mathfrak{l}}}^{*}(h_{i})$
, $x\in X$ , $\{d_{i}^{9}\lrcorner+R^{*}(1)\beta^{\frac{9}{i}}\}x>0,$ $\prime i=1,$
$\ldots,$
$k$ , $\overline{t}_{i}$
$T_{i}$ $($ . $)$ ,
$Pr[N_{\overline{\overline{Y}}_{i}}(\overline{G}_{i})\geq h_{\mathrm{i}}]$ $=$ $Pr[\{\overline{d}_{i}+R^{*}(1-h_{i})\overline{\beta}_{i}\}x\leq\mu_{\overline{G}_{\mathrm{i}}}^{*}(h_{i})]$






Inaximize $p$i $(x),$ $\prime i=1,$ $\ldots,$ $k$.
$\}$ (19)




(19) , . , (19)
, $\lceil p_{i}(x)$
,
$\overline{\mu}_{i}$ , $i$ =1, . . . , $k$ .
$i=1$ , ... , $k$
minimize $\max$ { $\overline{\mu}_{i}-\mu$ i $(p_{i}(x))$ }
$\}$ (20)





i $(p_{i}(x))\leq v$ , $i=1,$ . . , , $k\}$ (21)
. , $\mu_{i}$ $($ . $)$ $X$
, (21)
subject to $p_{i}(x)\geq\mu_{i}^{-1}(\overline{\mu}_{i}-v)$ , $i=1,$ $\ldots$ ,
’nininlize
$xv\in X$ $k\}$ (22)
. , $T_{i}$ $($ . $)$ , (22)
minimize $v$
subject to
$. \frac{-\{d_{i}^{1}+R^{*}(1-h_{i})\beta_{i}^{1}\}x+\mu_{\overline{G}}^{*}(h_{i})}{x\in X\{d_{i}^{2}+R^{*}(1-l\iota_{i})\beta_{i}^{\mathit{2}}\}x}.\cdot.\geq T_{i}^{-1}$
$(l^{x_{i}^{-1}} (\overline{\mu}_{i}-v))$ , $i=1,$ $\ldots$ , $k\}$ (23)
. , (23) $v$ , $\prime v$
, $v$ 2 2 1
.
(23) $v$ $v^{*}$ , (23) $v^{*}$





$i$ =2, . . . ,
$k\}$ (24)
(24) , , Charnes Cooper
$t=1/(\{d_{1}^{2}+R^{*}(1-h_{1})\beta_{1}^{2}\}x),$ $y=t\cdot x$ , $t>0$
, $\tau_{i}=T_{i}^{-1}(\mu_{i}^{-1}(\overline{\mu}_{i}-v^{*}))$ , .
minimize $\{d_{1}^{1}+R^{*}(1-h_{1})\beta_{1}^{1}\}y-\mu_{\overline{G}_{1}}^{*}$ (h1). $t$
subject to $[\tau_{i}\{d_{i}^{2}+R^{*}(1-h_{i})\beta_{i}^{2}\}|+\{d_{i}^{1}+R^{*}(1-h_{i})\beta_{i}^{1}\}]y-\mu_{\overline{G}_{i}}^{*}(h_{i})\cdot t\leq 0,$ $i$ =2, . . . , $k$. $\}$ (25)




1: $\min_{X\in X}E[\overline{d}_{i}]x$ $\max_{X\in}xE[\overline{d}_{i}]x$ , $i=1,$ $\ldots,$ $k$ .
2: 1 ,
$\mu_{\overline{G}_{\iota}}$
$($ . $)$ , $i=1,$ $\ldots,$ $k$ .
3: $h_{\mathrm{i}},$ $i=1,$ $\ldots,$ $k$ , $\max_{X\in X}p_{i}$(x) $\min_{X\in X}p_{i}$ (x), $i=1,$ $\ldots,$ $k$ .
4: 3 , (x), $i=1,$ $\ldots,$ $k$
$\mu_{i}$
$($ . $)$ , $i=1,$ $\ldots,$ $k$ .
5: .
6: , (22) $v$ 2
2 1 .
7: 6 $v$ $v^{*}$ (24) , (23) $x^{\mathrm{c}}$
$\mu_{i}$ ( $\prime p_{i}$ (x’)), $\prime i=1,$ $\ldots,$ $k$ .
8: , 5 .
3
3.1
nilinimize $C_{i}x\simeq,$ $i=1,$ $\ldots$ , $k$
subject to
$x\in X=\triangle\{x\in R^{n}|Ax\leq b, x\geq 0\}\}$ (26)
, $x$ $n$ , $A$ $m\cross n$ , $b$ $m$ . ,






$(t\geq\overline{d}_{ij}),$ $i=1,$ $\ldots,$ $k,$ $j=1,$ $\ldots$ , $\prime n$
, $\overline{d}_{i}$ , $m_{i}$ , $V_{i}$





inax ( $1- \frac{d_{i}x-y}{\alpha_{i}x}$ , $0$) ($y\leq\overline{d}$i $x\grave{)}$







$\alpha x\overline{d}$ . $x\beta$
$y$
5:




















maximize $\Pi_{Y_{\iota}}\simeq(\overline{G}_{i})$ , $i=1,$ $\ldots,$
$k\}$ (27)





$Y\simeq$ . $(\tilde{G}_{i})$ . ,




maximize $h_{i},$ $i=1,$ $\ldots,$ $k$
subject to
$x\in XPr[\Pi_{\overline{\overline{\mathrm{y}}}:}(\overline{G}_{i})\geq h_{i}]\geq\theta_{i}$
, $\prime i=1,$ $\ldots,$ $k\}$ (28)
, , $\Pi_{Y_{*}}\simeq.(\overline{G}_{i})\geq h_{i}$ , .
$\sup_{y}$
mir $\{\mu_{\overline{Y}}-.(y),$ $\mu$(- $($: $y)\}\geq h_{i}$
$\}$
$\exists$y: $l^{x_{\overline{\overline{Y}}_{i}}(y)}\geq h_{i}$ , $\mu_{\overline{G}}.(y)\geq l\iota_{i}$
$\}$
$\exists$y: $\max$ ( $1- \frac{\overline{d}_{i}x-y}{\alpha_{i}x}$ , $0)\geq h_{i}$ , lnax $(1- \frac{y-\overline{d}_{i}x}{\beta_{i}x}$ , $0)\geq lli$ , $\frac{y-g_{i}^{0}}{g_{i}^{1}-g_{i}^{0}}\geq h_{i}$
$\}$
$\exists$y: $\{\overline{d}_{i}-(1-h_{i})\alpha_{i}\}x\leq y\leq\{\overline{d}_{i}+h_{i}\beta_{i}\}x,$ $y\leq(g_{i}^{1}-gi0)hi+g?$
} $\{\overline{d}_{i}-(1-h_{i})\alpha_{i}\}x\leq(g_{i}^{1}-g_{i}^{0})h_{i}+g_{i}^{0}$
, (28) (29) .








, . , (29)
.
maximize $h_{i},$ $i=1,$ . . . , $k$
subject to
$x\in,X’$
{ $m_{j}--$ (1 –h$i$ ) $\alpha i$ } $x+K\theta$ . $\sqrt{x^{T}1/_{i}^{\mathit{7}}}x-\underline{\backslash \nearrow}(.y_{i}^{1}.-g_{i}^{0})h_{i}+g_{i}^{0},$ $i=1,$ $\ldots,$ $k\}$ (30)
181





, (30) , .
maximize $z_{\dot{l}}(x),$ $i=1,$ $\ldots,$
$k\}$ (31)
subject to $x\in X$
(29) (31) , $h_{i}$ $z_{i}.(x)$




, $\mathrm{r}_{z_{i(}}$x) , (31) l
.
$\max$ ( $\mu_{1}(z_{1}(x)),$ $\ldots,$ $\mu$ k $(z_{k}(x))$ ) (32)
$x\in x$
(32) ,
$\overline{\mu}_{i}$ , $i$ =1, . . . , $k$ ,
rninimize
$\max_{i=1,\ldots,k}$ { $\overline{\mu}_{i}-\mu$ i $(z_{i}(x))$ }
$\}$ (33)







$z_{i}^{1}= \max z_{i}(x),$ $i=1,$ $\ldots$ , $k$
$x\in x$
. , $\overline{\mu}_{i}-\mu_{i}$ ( $z_{i}$ (x)) , $z_{i}(x)\leq z_{i}^{1}$ ,
, . , $\overline{\mu}_{i}$ ,




$N_{\dot{l}}(x),$ $Q_{i}$ (x) $x\in X$ , $x\in X$ , $Q_{:}(x)>0$ .









$x_{l+1}$ , 4 .
4: $\lambda_{k}$. $<\delta(\delta>0)$ . , $q’+1=\mathrm{r}\mathrm{n}\mathrm{a}\mathrm{x}’\underline{\Lambda_{i}^{\Gamma}(}$
x $k+1$ ) , $\mathit{1}=:l$ +l
$1\leq i\leq kQ_{i}(x_{k+1})$
, 3 .




1: minx $X$ $E[\overline{d}_{i}x]$ $\max_{X\subset- X}E[\overline{d}_{i}x]$ ,
$\mu_{\overline{G}_{1}}$
, . , $E[$ . $]$ .
2: $\theta_{i}$ .
3: $\min_{X\in}xz_{i}$ (x) max $\in X$ $z_{i}$ (x) , $z_{i}$ (x)
$\mu_{i}$ .
4: $\overline{\mu}_{i},$ $i$ =1, . . . , $k$ 1 .
5: $\overline{\mu}$ , $x_{1}\in X$ , (33) . ,
$\mu_{i}(z_{\mathrm{i}}(x))\leq 0$ , $\mu_{i}$ ( $z_{i}($x)) $:=0$ . ,
$E[\overline{\overline{Y}}_{i}]$ .
6: $\mu_{i}$ ( $z_{i}$ (x)) $E[Y_{i}]\simeq$ . , $\overline{\mu}$ 5
.
, 1 (26) , 2 ,
. 3 ,
, $z_{i}$ (x) , 4
. , 5 ,
,
$\theta_{i}<1/2\mathit{0})\mathfrak{B}_{\square }^{\wedge}\}_{\mathrm{i}}\mathrm{i}\Delta$










$\inf_{y}$ max $\{1-\mu_{\overline{\overline{Y}}_{1}}(y),$ $\mu_{\overline{G}_{j}}(y)\}$
, ,
(26) .
$\mathrm{m}\mathrm{a}\mathrm{x}$i$\mathrm{m}$i $\mathrm{z}\mathrm{e}$ $N_{\overline{\overline{Y}}}.(\overline{G}_{i}),$ $i=1,$ $\ldots$ .
$k\}$ (34)
subject to $x\in X$
(34) , , .
maximize $h_{i},$ $i=1,$ . . . , $k$
subject to
$x\in_{J}\mathrm{Y}Pr[N_{\overline{\overline{Y}}}.(\overline{G}_{i})\geq h_{i}.]\geq\theta_{i}$
, $\cdot i=1,$ $\ldots$ , $k\}$ (35)
, , $N_{\overline{\overline{Y}}_{p}}(\tilde{G}_{i}’)\geq h_{i}\prime i=1,$
$\ldots,$
$k$ , .
$\mathrm{i}_{11,y}\mathrm{f}\mathrm{n}\mathrm{u}\mathrm{a}$ x $\{1-\mu$’$\mathrm{i}(y),$ $\mu_{\overline{G}_{j}’}(y)\}\geq h_{i}$
$\Leftrightarrow$ $\forall y$ : $\underline{\overline{d}_{i}x-y}<h_{i},$ $\underline{y-\overline{d}_{i}x}<h_{i}\Rightarrow\frac{/?-g_{i}^{0}}{10}\geq h_{i}$
$\alpha$ix $\beta_{i}$x $g_{i}-g_{i}$
$\}$ $\forall$y: $\{\overline{d}_{i}-h_{i}\alpha_{i}\}x<y<\{\overline{d}_{i}+h_{i}\beta_{i}\}x\Rightarrow y\leq(g_{i}^{1}-gi0)hi+$ gi
$\Leftrightarrow$ $\{\overline{d}_{i}+h_{i}\beta_{i}\}x\leq(g_{i}^{1}-g_{i}^{0})h_{i}+g_{i}^{0}$
, (35) (36) .
maximize $h_{i},$ $i=1,$ . . . , $k$
subject to
$x\in_{I}\mathrm{t}Pr[\{\overline{d_{i},}+h_{i}\beta_{i}\}x\leq(g_{i}^{1}-g_{i}^{0})h_{i}+g_{i}^{0}]\geq\theta_{i}$






maximize $h_{i}$ , $i=1,$ . . . , $k$
subject to
$x\in X\{m_{i}+h_{i}\beta_{i}\}x+K_{\theta}.\sqrt{x^{T}V_{i}x}\leq(g_{i}^{1}-g_{i}^{0})h_{i}+g_{i}^{0},$
$i=1,$ . . . , $k\}$ (38)

















. , 2 2 1
.
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